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ALSTRACT

The work done at the USBL on the measutement
of the mound-absorhing properties of various
matarials tn water at hydrostatic pressures
from 0 to 1000 parg in the frequency range
10 to 150 ke 15 summarirzed. Data are
presonted to show thoe tmprovement obta:znwed
by lining three d:ffoteni fewt vessels with
the scund-absorhing matacial Inaulkreaie--
& pine sawdust-Portlnnd cement compoastion.
Inatructions are included f{or the construc-
tion of this raterial
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AN UNDERWATER SOUND ABSGRBER
FCR AN ANECHOIC TANK

1. INTRODUCTION

A mathod to simulate free.-field test conditions for underwater sound devicss Ln
an enclooed vesnel waa developed at the Naval Resiearch Luboratory in 1842, This
method, known as “pulsing”. made poscible Lthe production tesiing of Ronar dav)ces
by many manufacturers tocated far from a auttable body of wauter and handicapped by
rigorous winters.

Since that time, the pulaing techuigue has boen fully dencribed In the llterature
and widely used by thone inntitutlons engaged in research in underwater sound. The
method, briefly described, consists of transmitting a short pulse of sownd energy,
oponing an electronice gate, sampling the intensity of thin pulse when 1t reusches the
rece lving hydrophone, and then olosing the gate t0 avold reflectlions from the ends
and sidewslls of tho water-filled vessel. [f these refisctions have not disappeared
or been very hlghly attenuated before the level of the anbsequent pulse in measured,
lonccurate datr resulta. 7o haston the docay of this interfering cnergv, come type
of soundt-abuorbing matevinl must be installed in the tank.

The requirements of on ideal materi1al are very oxacting., It muat have a reason-
ubly high coefficient of abmorption, be cconomical to construct, and easy to
'nacall, Tis abgsorption characteristics mast not change algnificantly with
tompsrature, prossury, or age. The unavailability of any known materia! meeting
the aforemantioned requirements neccaonitated the estab)inhment. of a regearch program
to detormine what, maverial would most nearly approach the requirvments of the USRL

The invesligationa, sturted flve gears ago have suffered many unavoidable
interruptiona over the pericd of years. The vcxperimental approach has generally
been follomwed during those rolntively krief intervalt when time and equipment wer
avallable, and the theoretical slde of the problem hiaw not been fully analyzcd
Inasmuch ns 2 useable material (not ldeal, but far superior to other known sbsorberu
for the purposec) has been found, the urgency of the situatlon has been greatly
relieved.

Although vone of the three UBRL projects under which theoe inventigations were
carried out. haa been hrought to the full concluston that might be desired, all arc
bolng clunod fur the present by this somewbat narrative acoaunt. of USRL experlence
tn evaluating the properties of absorptive matertials in general, and scarching for
ome parteaular matertal with superior praopertics.
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IT ABSORPTION MEASUYRING TECHNIQUE

The absorption coefficient. wav considered to be, and measured as  the reflection
coefficient. subtracted from ani y when the sample neither tranamltted nor scattered
sound energy  The reflection ~cefficient wne the ratio of reflected energy to
normally incident encryy

Two test. methods were used [11¥  The first was ibe wave canceliation method. in
which a sound -receiving prohe movea :n proximity to a teat sample and responds 1.0
the pressure differences caused hy the interference of the dlirect szound pulse with
the sound pulse reflectcd from the nample. The probe was motor driven at a corstant
speed away from and on a line normal to the m:dpoint. of the test plate. The data
g0 obtalned were evaluated hy comparinon of the null depthu produced when the test
sample was in place with the null depths produced from a stecl plate having a hiigh
reflecticn coefficlent. From this method were ottained the acoefficientn a and 3
for determination of the complex acoustic .mpedance. R'jX - px [r(arj31]  where a
1s the coefficient of energy absorpiion and £ 15 the phase .shift coeffizinnt--the
distance of the first aull from the samplie surfuce with reference to the distance
of a half wavelength in water. Eolutions of the equation R4;X ~ Pof ['n[u.-‘j/i)l were
resdiiy cbtained from graphical contour chactz |2}

The second method varled the procedure of the firet msthod lyhloh used a fixed
freqiency and a moviag probe) by fuxing the probe at a pregetermiesd distance In
frout of the test sample and transmitt ing pulsea of sound cnerdy while varying the
frequency through the desired range  This method dave the reflection coefficient,
by measuring the pressure of the sound pulse as 1t passed the probe on its way to
the plate and the preasure of the pulse reflected from the plate. The pulase was
sufficlently short to prevent wave interference at the probe.

The latter method waa chosan for the major portion of the investigation for a
nunber of reasons. Flrst, it was a much more rapld method of evaluating the samplen
over the frequency range 10 to 160 kc. Also, the reactive component. of the complex
acoust.ic impedance was considered unesasent:al when examlning widely dlifferent.
structures, although it would assume 1mportance when slight deviations of a ningle
sample structure were being studied Becond, a dreater accuracy of measurcment.
appeared obtalnable under the adveirse test conditions offered by the unlined tank.
The first method showed an erratic distribution of nulls iogether with null deptha
varying randomly because of diffraction effects and high revaerheration level
Purthermore the firat method was particularly unsuited for bulk absorption measure-
ments, since some pound was then reficoted from both the sront and rear surface of
the sample, increasing the erroneocur null distribution and depth level. These two
reflectionas could he aerparated by the second method by using a reasonably thick
sample.

The first semple chosen for test was an 8xBx18--inch unreinforced concrets burllding
block remaining after construction of the Pressure Labaratory butlding. This block
was split in half and the two sides juxtaposed and backed by a 5/8 inch thick steel
plate., making a test surface 18 tnches sQuare and preventing sound hi-ansmission.

*The numbers uppearing in square brackets refer to the references at the end of
the report.
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By -otating this aonembly througn "800 n azimuth, a ~omparison of the reflection
eneffiment, of the twu s.des was obtained  The reflection from the concrete was
leas than that obtained from the ateel piate, showing same sound alsorption by the
material A reliable quant itative measurement, being imponsible :n the unlined tank,
a dectlsion waa made 1o line the tank with thus matcrial with the hope of exped:iting
tranaducer ¢alibrationa under hydrostatic pressure.

Building blocks were stacked in both ends and as high up the sides ol the pressure
tank (B feet Jn diameter and 14 feet in leingth) as possible. The top of the tank
remained unlined Evaluatlon measurements made using a pulge repetition rate of
20 per second for comparison of the lined with the unlinead tank showed a 30 db
decrease in the reverberatinn level over the frequency range 10 to 150 ke after
a delay of 49 m{lliseconds, which coinclded with the tranamiassion of the asucceeding
pulse This reduction, which made the tank available for acoustic measurements,
was reported in a paper before the members of the Acoustical Society of America (3]

1IT. MEASUREMENT LIMITATIONS

A. the very outser of the ahsorphion.measaring program, acoustical, electrienl,
and physical limitations were euncountered. Many of these were caused by the
necensity of testing In a closed vense)l ralher than a free field. One major
lLimitatton was the inabllity of transducerr and probe hydrophones to withatand the
hydrontatic presswe Lo which they were neovssarily subject. ‘the mortallty rate of
probes wss extremely high when subjected to 300 pounds per square inch (dage).

Rather than to digrean at this pn'nt with a discunsion and enumeratlion of a few
of the obvicus limiting factors, thin discusslon is presented in Appendix 1.

IV. NEASUREMENT OF ABSORBERS

At the start of this program, very little practical information was ohtainable
about. underwater sound -ahsorbing material:n. Some were 1n use, but. data were
unavailable for evaluating their worth to the UHRL needs. The exlsting absorbern
were apparently designed not only for a very narrow frequency hand, but without
regard 10 large changea ia tempersture and pressure. The development of a sound-
absorbing material =~wpears to have been an unpopular task in the fleld of wderwater
sound research.

The most, log:ical approach to the development, of a sound absorler secwsd Lo be the
testing of exsting absorbers and avallable porous structures. A liat of some
of the materials which were examined follows, with only 8 limited discusnion
when not considered pertinent to this report.

(1) Baffles - The baffles werc of various shapes and were wied in domes to nereen
«cho-ranging transducers from propeller noine and to reduce specular refiection
when the transducer was trained aft. The usual internal conantruction consisted of
twenty layera of fine mesh acreen separated by expanded metal and operated in a bath
cf castor oll. They showed an absorpl.ion coefflcient of 0.5 at their approximate
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operatlaug frequency of 24 kc. At nigh frequencies, the reflection fram the flat,
expanded-metal aeparators proved to he considerable, masking further evidence of
increased absorption.

{2) Alberich -~ Alberich was the Jerman-invented egound absorber used as a non-
reflecting coating for submarines during the latter part of the war. It consisted
of resonant alr pockets enclosed by rubber having a high disaipation factor
The test sample was obtained from the conning tower of a captured U-boat about
three years prior to the time of testing, and was suspected ‘o have deteriorated
greatly with age. (The effect of age was confirmed recently in a comference with
Dr. E. Meyer, the inventor of thir material and Fafnir).. Any absorption shown
was within the iimits of measurement accuracy

(3) Fafair -- To speed pulse decay time, the German underwater scund engineers lined
their sound test vessels with wooden plates on which were mounted parallel rows of
low--grade synthetic rubber teeth. This array appeared similar to mythologlical
dragon teeth and aso was named Fafair A waterproofed wood-tooth replica was
constructed. It produced absmsorption losses identical to those obialned with
the Faf:.lr structure, making the rubber materlal appear unimportant for further
study An snelysis of the absorptiorn charasteristics of this material itself,
eliminating the effect of ihe gewmwirical arrangement, would have required a flat
pheet, which was unobtalnsble.

(4) J2024 - This number wam the offleisl demignation of a sound-absorbing rubber
coating material developed by Harvara and MIT sclentists under government contract.
The absorpt.lon coefflclent of a badly weathered sampis varled fram 0.7 at the lower
fregqusncies to 0.3 at the higher frequeunciss

(8) Concrete ~ A large slab of concrete, constructed of material jdentical to the
building blocks lining the tank, showed an gbaorption coeffictent of 0.5 for sound
at. normal inclderce. Thls appeared to be a promising flgure, and many experimento
vere conducled to determline the possibllity of obtaining greater abgorption. A
theoretioal consideration of the mechanism of absorption led to the belief that an
increase in viscosity of the medium in the volds of the porous material would obtain
an increase in the absorption coefficlent of the material. An open-face steel
container was constructed around a concrete sample and the face covered with poc
rubber. This assembly was evacuated and then filled with caator otl. Although the
dats were not absolutely conclusive, a liberal interpretation made posalible the
conclusion that the absorpiion rcoafficient had been further increased vy 20%9.

Various conflgurations of the test sample face were conutructed. Conlcal pro-
tuberances (2-inch base, S-inch height) to introduce multiple reflectlion ware
tried, but were quickly discarded and replaced with conical holes (2-inch base,
3--inch depth) so as to provide greater structural strength. This assembly, cxcept.
for a narrow band of frequenclies batween 30 and 90 ke, chowed an absorpition
coufficlent in excess of 0.9 over the frequency range 10 to 150 ke. (This coef-
flcient included enerdy whicn was scattered.) This lzvel of abaorption rcmained
unchanged at hydrostatic pressures up to 300 pal. Cylindrical holes (1/2-inch
diameter, 8-inch depth) drilled in the face of the absorbing sample gave results
similar to those obtained by the use of the conical holes.
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Haydite and cinder block were also tested, both showing 3lightly higher absorptian
than the flat concrete slab,

(6) Wood ~ The recollaction of data taken years prior to these tests and uslng
the first mocel XCG portable pulsing equipment led to further exarination of wood.
The abscrption coefficient of pine wood had been found to be 0.5 over the limited
frequency range 20 to 40 kc. This discovery occurred incidentally to the testing
of mud bottom samplea from the Rappahannock River-—a location where fathometer
echoes were not detectabls, as if the ship were passing over a bottamlsss osvern.
This sbsorption by wood was oot surprising after considering that it was a porous
material! and had nearly the same characteristic acoustic resistance as water--ths
velocity being higher, but the density lower. Meussurements made at this laboratory
confimes former findings, with ¢he absorption remaining at a copstant level aver
the expanied frequency range.

One of tha nateel tent platen was coated liberally with Vulcalock cement. on whioch
was sprinkled pine sawdust. When the flrst layer was dry, another was spplled.
The treaiment was repeated many times until a thick laynr of embodded sawdust was
obtained. The results were disappcinting, showing ths sar= absoi pticn as the eolid
ploe woad,

(7) Insulcrete — A conference with the Florida engireering consultsat for ths cement
trade about the possibliliiy of subatituting crushed ice for water to greatly
increase the porosity of cancrete led to som» discuasion of a bullding msaterial
called Insulcrete.

This product is mamifactured locally and used as bullding inmulation. It commiste
of a mixture of plne sawdust, Portland cement, and decoratlve pebbles, and is
internally reinforcsd with hesvy wires. The small stones and the wires were cmittod
in the constrartion of the sourd-shsnrhing samples, mnd the =zpelling of the nanss
wad chenged ¢ "Ingulkreto” to denote the &ifference. Directlonr for making
Insulirete are glven in Appendlx 2.

The very first tests of this matorial showed 1t to be faur supsrior to sny other
material tested. Ite coefficlent of sbgorption ranged from 0.80 at 10 itc to D.09 at
170 ko, and, at frequencles between 1.0 and 1.8 medacycles, ths sound refloctad from
the sample face amountsd to only one vart in ten thousand. The ahove figures
appeared unchanged with spplication of hydrostatic pressures to 300 pslg.

The density of ths materiasl is 1.1 g/cc when dry, and increases to 1.4 g/cc when
wet. The average measured value of sourd velocity is 1.0010°% cm/ssc. The mesertad
approaches an idoal, as lt can be graded in density and porosity by an acld eteh,
by the use of additional water when mixing, or by tamping to vartous degreen when
forming. It readily adapte itself to tank lining, as it can be preformed or hand-
sawed, and nalled or acrewed in place. When used in a test tank, it cuunes the
water to became highly alkaline—especially undesirable when teating aluminum-cased
instruments. The use of acid for meutralization or the cantinuous eddition of fresh
water has been suygested for thowe tanks which have been lined with this material.

The traasformation of aound energy to heat in the absorption process was readily
made visible by Schlieren photography [4]. Figs. 1 ad 2 show the heat developed
by a amall Insullrete block when subject to high-freguency sound far varicum lengths
of Lime [8}. Fig. 1 (reproduced from Polarold Land Camers prints) shows the
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simpie before and after having been exposed to ulvrasonics at a frequency of
800 %c for 20 seconds by the sound source shown at the extreme right of each
pieture. Sound power was halted Jjust pricr to the exposure of the photograph
on the right so as a0t to mask the heating effect, which shows up as a light area.

Pig. 2 shows two samplse hefore and after exposure to sound for 30 seconds at a
frequency of 1 mc. At the extreme right of the picture is part of the face of the
barium titanate projector. To the left and in close praximity to the projector face
is a baffle plate to retard c¢Jroulation ("sonie wind”) which would tend to disaipate
the heat from the immediate vicinity of the sound-absorbing sample. The baffle was
made of aluminum foll ome mil thick and supported by a corprene framework. To the
right of the mid point of the picture waes placed a rectangular piece of tan pc
rubber one quarter inch thick. The Insulkrete sample was lccated to the left of
center. Both samples were fitted tighily in the plate glass tank to prevent leakage
of sound arcund the edge of the material. The lesser heat developed by this rubber
may be compared to that developed by the Insulkrete block, allowing some eatlmate of
their relative absorbing abllity, although the sound intensity incident on the
Insulkrete was only 70% of that ircident, on the rubber due to thes attenuation
through the lattar. Tan pc rubber was chosen for comparison after study of a
journal article {8] which sald: "At a frequency of 3.38 megscycles a 4 inch thick
liner [tan po rubber] provides results which are close to optimum, yielding a
reflaction coefficiant of about --80 db up to an angle of incidence of about 60°".
Although this frequency is three times higher than the frequancy used for Fig. £,
considershle absorption could be expeoted at one megacycle, even for unidirecticnal
transmiss ion.

V. SMALL TEST TANKS

A small, rectengular tank, borrowed from an inactive Bchllieren exhiblt, provided
the first sxrerimamtal set—-up for determination of the practical value of Insulkrete
for o-w mesauresenta. The tank was far tco small to be of much value for underwater
tests, but proved sufficlently large to obtain informatlon regarding the practi-
oality of & gomtinuing investigatlion.

Insulkrete wedges une foot in length were stacked in the ends of the tank, and
disoarded amample test plates of the sama materisl were placed on the top, bottom,
and sides to provida a central baffle. After the addition of the absorbing
matarlal, little apace remained for the posltioning of transducers; nevertheless,
Cimited frequency band would be practicable ln & sultably dimenaionsd tank-—-a vessel
where sidawali reflections would be more highly attenuvated by a speclally designed
central beffle The transuitting or recelving response level of tranaducers could
be eaiabliahed with an error no groater than 11 db over the frequency range 20 tc
180 ko. Any verintion in impedance measurements caused by the lack of free fleld
conditians was within the llmits of measurement accuracy. It was only the direc-
tivity patterns that could not ne plotted accurately, due to the aforementioned
interferindg reflectionas from the inadequsate central baffling. The wedge array at
tha ends of the tank had an absorption coef{ficlent of 0.9, In the freqQuency
band 40 4o B0 ko, declining at lower frequencies and increasing at higher.
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Some 4ifflculty was experlenced at the higher frequencies by standlng waves
betwmen the faces of the two traansducers because of thelr inadequate sepacation.
A solution to thls problem was obtained by using externally connected lagging
tnductors to properly phase rectangular acgments of the square projector crystal
mosalc and rotate the directivity pattern 10 degrees from the normal. Thls »ade it
possible to operate the transducer with its face In a plane not parallel to the face
of the secand instrument (7). Another solution would have been an increased test
distance, but this was unobtainable with the small tank.

Pree-fiald testing facilitles being readily avallable at this laboratory, small
vank investigation was discontinued in favor of projects carryirg higher priority,
however, interest in small-tank teating was renewed when an answer could not be
given 10 a problem posed by a group of acousiical enginmers assoclated with a major
manuvfacturing company. The Quastion was, “Can an inexpensive tank set-up be
conatructed which will permit satisfactory production testing of transducers over
the freguency range B8O to 70 ko, using c-w rather than a pulsing technique?" The
tests wers to include transmitting and receiving rocponse, impedance, end 4direc~
tivity patterns. The accurate determination of directivity patterns presented the
only unsolved problem, but it appeared increasiugly di1fficult of solution upon
lsarning that the instriments to be tested were being bullt with the mo=t advanced
deslgn of lobe suppression, the minor lobes being down at least 30 db. The solution
to the problem lay in thy design of a macond wood tank having an adequate size for
acoustical tests, but still requiring as little floor apace ar poanible. With these
limitations in mind, an Bxd4-foo! plywood tank was conatructed and completely lined
with wedges, 2llowing a testing volume 8x2x2 feet. Thin tank is shown in Pig. 3.
The wedges were one foot in length, had base dimonsiane cf aix inobes cube, and were
srrayed. with adjacent dihedrals at right angles.

All effort was ocomcentrated on directivity patterns of thai particulsar model
transducer. Polar patterns were made from 80 to 70 ko at B-kc intervals in the tank
uslng o-w. These pattorns were then compared with similar pstterns nede with free-
field conditions. They were also compared with patterns in the preasure tonik at
atmoapheric pressure using the pulsing technigue. The agresmoni in level of the
Aecondary lobes among the threv tests was of the order of %1 db at the afore-
mentioned fregusncy intervale. Tho agreement between the pulged pressure tank and
the free-fleld patterna was no better than i1 db.

Plana for the con‘imuing tests of the many various type hydrophones had to be
shelved, as the sohedulsd UBRL move to new quarters called for immdiste disassembly
of ths wood tank. This was unfortunate, but sufficient data had been collectad to
prove the practicality of usirg Insulkrote as & liner for small water-filled tanks.

Vi. PRESSURE TANK

The experience gained in the constructlion of the two small tanks proved invaluable
when the new 1000-ps:y pressure tank wae to be readied for acoustic tests.

The new pressur: tank, shown in Fig. 4, ie 25 feet in length and 100 inchea in
diameter, with steel sidewalls 4 inches thick. The temperature can be controlled
from the botling point, of water down to 2° C. The rate of pressure increase or
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derrease can be varsed from & to 38 pounds per monute  Topside port:s parmit the
rigging of transducer:s abuou! B feot from the concare ends: of the tank, making the
acoustic test diatance 8 feot,

Two of the projectura wied for evaluating the tank had erystal arrays 4 iaches

square. Two other projectnras had » much lower directivity :ndex Aas inheir actlive
element was only one Inch aquare Tviy small annid.rect. onal probes were used as the
receiving hydrophanes  This duplication of ingtrument.ation was considered ncoessary
in view of former experiences with the breakdown of transduwers subject to contlinued
hydrostatic pressure cycling.

The data were recorded in two ways. Flirast, the oscilloscope screen was photo-
grephed with pulsed transmission and with an ungated, or open, receiving system,
from 10 to 150 ke in & ke increments for visual comparisen of the over-all reflec-
tion reduction obtained by each addition of sound -absorb:ng material. FPhotographs
were made with pulse -repetition raten of 30 and 60 per second, but only those made
at the latter figure are presented {n thls report.. All frequency settings for
comparahle plchures at progresaive stages of lining completion were reproduced
exactly; that is, a Berkeley Universal Counter was employed to monitor the standard
osclllator setting. By the secand method, additicnal permanent data were obtained
on a linear recorder from JO to 150 k¢ by sampling the cignal level at dlscrete
time intervala after the pulse transminsgion. Thi. method gave more nearly accurate
quant, itative data, providing a smooth rather than stepped plot throughout the
frequency band. In both cases, all measurements of reflect)on and reverberatlon
levals were compared to the ievel of the direch received signal :n order .0 colpen~
sate for random changes in prajector outpat or receiving sensitivity which scmetimes
had ocougred when tost periods were exiended over a long period of time.

Pig. & is an end view of the insides of the tank after the wedge-supporting
fremowork had been belted to avallable luga. It was with Lhese frames in each end
that the firat measurements werc made on the tank. The frame was so constructed
that ihe weddes, varyirg in length from 4.5 to 9 feet were self-supporting when
ntacked in place. Bmell wadges one foot long were stacked around the framework so
as 1o completely fill the void annular arca as shown ln Fig €. The central baffle
ia composed of elght to ten circumferential rows of 1-foot long Insulkrete wedgen
with their dihedrals arrayed parallel to the axis of symmetry of the tank  The
bott.om weddes are salf .supporting. belng atacked 40 a point midway up the nides of
the tank  The upper half of the block masembly is supported hy many equally spaced
longitudinal rods which fit gpeclally molded Indentations in the tapered wedge
bases. A picture of the central baffle with the end wedges in the background is
shown In Pig. 7.

Prior to presentation of the "bveforce und after” osciiloscope piotures, a brief
explanation of thetir interpretation seems to be in arder. Although the repetitive
pulsez shown in Pig 8 prevably will be solf cxplanatory to those practleed in the
use of the pulsing technique  they are undoubtedly unintelligible to initiatea.

The first pulse from the left in Pig. 8 is the monitored electrical transmitted
signul which 18 fod to the projector. The second pulee iz the signal received by
the hydrophone in the most direct path. In between these two pulses lles a reglon
which containag only energdy from a preccding pulse and :t ia at this pount where
the aignal level was zampled to determine 1f sufficient attenmation of the preceding
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Fig. 6. inzulkrete wedpea fantalled in ond of USRL preasure vessel
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Insutkrete baffle in center and end of USRL rressure

vessel



MONITORED TRANSMITTED PULSE
. ENERGY FROM PRECEDING PULSE
DIRECT RECLIVED PU! SE

O 0O o >

f REFLECTION FROM SIDEWALLS PLun ENFRGY FROM
PRECEDING PULSCE

E. RFFLFCTION FROM TANK END

Fig 8. Uscitioncope preventation of pulse aejuence

pulse had been obinined so ag not to influence the level of the puise to bhe
measuraed. Thin interference may be thought of as reverberation leval. Foilowing
the second pulse are reflections from the sidewalls of the tank taking a multlitude
of angular puths Lo finally :cach the vecelving hydrophone. A pulce hac been
photographed after having been refiected from the :rdewiirls more than ten times
before 1t veached the probe. ‘Phe vetlectrons may Vo much higher than the direct
signal, particularly in a tube-like venane) where symmetry causes addition of the
reflections.  The pulse o the pigit o the iguwe i the refilection from the
cancave end of the tawr. Ite high level is due Lo the probe being positioned near
the focal point of the alghly reflecting enneavity.  The lovel of this raflection
could not be rerorded asccuranely due to the ary val of raflections from the
sidewalls at the same Line
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Fig., 9. Osciliograms of pulses in USRL Fig. 10. Oscillograms of pulser in USRL
pressure vessel, before arxl after lining pressure vessel, with one end lined with
with Insulkrote Insulkrete and with full Insulkrete lining

The osclillodraph tase line was purposely placed above the center linc so as not
to mask the short vertlcal markers on the graticule absclissa which were used as a
time or distance scale. 'The time between the markers was one millisecond, squal to
a sound path of approximately 5 faet Iin the tank.

At the top of Plg. B ls a photograph of the reflections in the bare tank at a
frequency of' 80,074 cycles per second. This photograph is se simllar to the drawing
in Pig. 8 that little further explanation is necessary. The level of the area In
Fly . © between the direct reccived pulse and pulse reflected from the tank end was
du. *to the energy fram the precedlng pulse rather than from sidewall reflectlons.
At thls frequency the directlivity Index of the projector was sufficlently high to
transmit the sound beam along the axis of the tank without contacting the sidewalls
At the necessary angle for rerlectlon to the probe hydrophone. The bottom photo-
graph in Plg. © ly to be compared with the upper picture. All test condlitlons have
ceen maintained except for the addltion of the Insulkrete wedges. There remained
little trace of Iinterfering reflections, and measurements made with a continuous
wave had the same accuracy as those made using a pulsing technlque.

The two photographe in Fig. 10 were made at s frequency of 10,000 cycles per
second. The upper reproduction was not made with the tanx bare, but, with wedges
ingtalled in the end of the tank nearer the hydrophone. An oscililogram made at
this frequency with the Lank bare showed the direclly received signal to be entirely
masxed by the sound from the preceding pulse. A alight misadjustment of the
oscilloscope controls unfortunately displaced all reflections Loward the left. This
placed the third marker from the left at the end of the directly recelved pulse
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Pig. 11. Lavel of reverberstion for bare and lined tank

rather than In its center as was shown in all othsr pictures. Bidewall reflsctions
are shown to be of aufficlent Intensity to displace the pulme peaks from the
osclllograph face. It was nscessary to operate at this gain in order to maintain
s uniform 3-cm helight of the received pulse.

The lower photograph again plotures the improvement obtained by the addition of
the wedge lining. At thia frequency the levels of the rcflectians are too high for
conblisuous -wave testing. An improvement of this canditian could be obtained by the
use of longer wedges for the contrel battie or by the use of elther more directional
tranamitting or recelving transducers.

Fig. 11 is a graph of the decrease in reverberation level assoclated with the
inatallatlon of the sound-absorbing wedges. These datu were obtained from linsar
tecorder traces of the aignal level measured between the transmitted and received
pulaes, or at peint B in Pig. 8, and then compared with the level of the direct
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reowivod pulse. Sound levels more than 4C &b below the d'rect signal could not te
recordsd-—-the law recelving response of the probe hydrophame made high dain ampli-
floation necesanry. causing trc inherent nolse level of the elacironic measuring
syotem to maak the reverberation. A spealially designed reoeiving system oould have
been sssewbied for the low-level measurements, dbut the datz obtained would asve
been of academic rathez than practicsl value where the interfering signal level was
lower than 4C db, The reverberztion lavel could have beer. lowered to an lzswasur-
able quantity by decreasing the pulse-repetition rate to 20 per second.

Cont inued observation over a psriod of sumo menths has indicated 20 change in the
sbsorption noefficlent of the wedges st hydrostatio prassures to 1000 psig, or at
temperaturen as low as 9° C.

V1. CONCLUSION

Insulkrete ln 1ts present stste of development has teen recosmondad as a sound-
absorbing lining for small tanks, and is in current use in that capacity. An
intensified effort 40 improve the sbgorption of this material should bte made. “he
optismal sggredate la not necesrarily pine sawdiust, nor Portland cement the pe:feot
colssive sgent. There remain literally thousands of tests that can be made, with
pousibly hundreds of improvements to svolve,
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Appendix 1

#
ACOUSTICAL, ELECIRICAL, AND PHYSICAL LIMITATIONS ON MEASUREMENTS

Scme of the acoustical, electrical, and physical limitations encountered during
the investigdations with which this report is concerned are discussed below.

Puless Length

The minimal length of the transmitted pulse had to contain at least three cycles
80 that the level of the received pulse could be automatioally recorded by the
sampling of at least two cycles. A frequency of 10 kc appeared to he the lower
limit of the transducers, making a pulse length cf at least 300 microseconds
compulsory. This was a pulsed train of underwater sound waves about ane and a half
feet in iength, which limited the probe to distances from the test plate grester
than half the aforementioned length, If interference between the Adireot and
reflected waves was to be avolded. The pulse length maximum wus limited by
interferencs from the sound weves refleoted from the sides, top, and boittam of the
tank, and by the test sample slze.

Bample Bisze

The minimal msize of the test plate was determined by Lthe necesaliy of meswuring
the lavel of the reflacted pulse prior to the setting up of diffrsction phencmena.
Filg. 18 compares the measured leveln of the refleotion from iwo differsnt slzed
steel plates with the theoretical value for an infinlte plate over the frequency
range of 10 to 100 ko. The solld curve was the level of the reflection from a
steel plate 14Xx14x8/8 inches. It shows large irregularitiss throughout tha
frequency range when msasured with the probe hydrophone placed 280 cm in front of
the plate and using a pulse length of approximately 300 microsecaonds. The dotted
ourve was obtained under the same tcst conditions, except the-alze of the tesf
plate was increased to 24 inchea on a side. Nearly complete absence of diffracticn
effect was shown by the close agreemont of this curve 'with the theoretical, or O-dh
level. The slze of the ports (24-inch dlameter) in the test tank made examination
of plates larger than 24 inrhes infoasible.

Test Distance

The minimel test distance from the nound source to the test plate was limited by
the desire to cover the plate with an approximately plane wave The maximal
saparetlion ottainable was determined partly by the limiting length of the tank and
partly by the neceseary differcehoe In sound path between the directly recelved
aignal and the algnal reflected from the sidewalls of the vessel. The convenient
teat distance of € feet was chosen for most of Lhe investigation and appeared Lo be
sufficiently great so that apherical wave corrections were, considered \mnecessary.

i el . e



patl o b v P T TN "

b

- o T — S ety 2o

s e a A W prp ~maW ar e

21v]d 23TWIJUT WOIJ [04AI]
193139302y} 03 poiwdmod S23IB]d (9838 O SOZTE OA] O [IA3] UOTIIA[FI® -7y "1

ONOJ3S ¥3d SATJAJ0TIX NI ADIMINDIWA

201 c6 o oL 09 0s oy o€ oz o1

HONI

B8/8XPIXYZ

EFS ¥

Lo powi grsxpiXer 3ivie

HNO0d4 N3A27 QGIAVIADIVI N §1301230

ALYV ILiMlaN)

8



B AR 2 Tk ARt Gk L Rt

Y

e s

R T

u

poneg

Probe Kyd:ophone Directivity

The receiving response of the two faces of !n=» =ound sensative probe always wag
found to differ in level bty at lcasi one dec:bel over the frequency range 10 to
150 kc. 'This statement applies to more than a dnzin probes used during the project
and, although trivial, was annoying. The var:atiaon 1o level made it impcasiblie to
compare directly the reflectinn from the steel plate with that obtained {rom the
absorbing materlal placed in front of the plate a varying corrvection for the probe
had to be applied throughout the fregquency range.

Standard Ref lector

Calculation of the reflection coefficients of varying thicknesses of steel plates
showed 5/8 inches to bu a gatisfactory thickness ln water nver the deslred frequency
band An air-filled volume would hav been superlior, but construction of a compen-
sated air enclosure for high hydro..atic pressures did not appear sufficiently
essential t0o warrant the outlay of the required labor and material. The steel
plate was considered to be a perfect reflector for a comparison measurement to
obtain absorption coefficients. Numerous measurements showed the steel plate to
be nearly equal to an air-backed reflector, An inverse square lsw dista..cc
correction was applled to all reflection measurements because of the relative
proximity of the sound source

A short series of measurements was made to determine the eccuracy with which
tranamission and reflaction coefficients of 24-inch-square plates could be measured
in the frequency range 10 to 150 ke. A 1/8-inch brass plate and a 3/32-inch steel
plate were chosen. A shori pulsc was used tc msasure the transmitted and reflected
enargies before the formatlion of the plate diffractian pattern. The direct and
reflected energlea were mvasured with a bidirectional probe at a distance of 10 cm
in front of the plate. The transmitted energy was mossured with the probe mounted
one contimeter behind the plate.

Corrections for test distance varlation of the probe with nhanging location were
calculated theoretically and verified experimsntally. Corrections were also applied
for the response difference of the two faces of the probe throughout the frequenoy
range.

When experimental data were plotited sgalnst theoretical curves of reflecticn and
transmission for infinite plates having similar thickness and acoustlc impedance,
the experimental results invarlably proved to be low.

The finsl analysis of the data to determine the over-all accuracy was performed
by summing up the fractionsl reflected and transmitted energies and comparing the
gum to unity. The final curve showed the measurements to be low by an average »f
one dectbel throvgh the entire freguency range {10 to 150 ke) Thie inaccuracy
could have been caused by the lnabllity to prevent the thin plates from wavping
slightly and presenting an irregular reflecting surface to the receiving probe.

Transducer Q

Transducers having a high Q had to be rejectsd for all meamsurements. Bharply
resonant. transducers could not be used with the short pulse because aufficlent time
for build-up of a steady-state signal was not avallable.
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Harmonice

Three factors could have contributed to the introduction of high levei se~ond
and third harmonlza into the measured a!gnal level. The first source of “roudble
was electronie. Osclllators, never being perfent, accentuated the harmonics
with increasing age, changing slowly aver a long perlod of tilme. At times, the
harmonic content ircrecased suddenly and without warning, A constant check of
oscillator and amplifier waveform had to be maintained. A second contributing
factor was acoustical in nature. Transducers which nad an ascending response lavel
with increasing frequency tended to accentuate or amplify the harmonlics. Even
though the harmonic output of the oscilliator was 40 db below the fundamental, a
steep rising respomse curve would bring the level of the harmonics up to that of the
fundamental. The third factor contributing to the introduction of harmanics was the
nonlinearity of projectors wher driver at high power levels.

These harmonics had littie effect on measuring the reflection from the atecl
plates, where the level of the reflaction was practically constant throughout the
frequency range, but was a sourcs of error when measuring the reflection from a
sound absorber whose reflection cosfficient decreased with increasing frequency.
That 1s, the incildent pulse cantained mary harmonics, whereas none were measurable
in ihe reflected pulse. Pass-band filters could not te used for harmonic elimi-
natlon with the pulse method of testing. Transducers which had reasonably flat
response charscteristios had to be chosen for the absorption-measuring program.
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Appendix 2

FABRICATION OF INSULKRETE®

1. Material

The sawdust 1s chtafned from rough-cut aouthern plne and sifted through a 1/4-1r ch--
mesh ecresn to remove wood alzbm snd pieces of berk. Redwond or cypress ls not
recomnended, as the finished test sample 18 atructurally weak.

The bindar iz ordinary Portiand cement, as vsed by the building trades. It may be
af the slow- or fast-setting type

The water {s used sparingly, making a damp rather than a wet mixture. Water ia
mentioned under material because of iis importance.

2. Preperstion

The sawdust is dampened overnight It is not scaked. If water is added 44 the
sawdust in a container, allow it %0 drain from the bottom of the countalnsr after
wetting. '

Four parts by volume of loose sawdust are mized thoroughly with ane part of cemernt,
addind just emough water to keep the mizture damp.

To test for proper molsture content, a handful when squese2ed hard should just
barely hold together and appear demp but not wet.

The mixture is placed in forms and tamped untll compressed to about one-half of its

original volume. This may be dome by motor-driven (air or electric! tampers, or a
hand tamper.

A fast-setting cement permits use of the structure within 24 to 48 hours.

*Blocke of this meterial ueed by tha USRL have baen menufectured to UBRL epecifi-
crtione by Finfroek Industries, Inc., 1184 Spur 8t.,, Orlande, Fle. The ususl
etructursl material supplied by this manufscturor to the bullding tredee is cailed
"Insulcrets®. "Insulorets®™ i: -l:o lieted In the Thomes Dicoctory as s trade nsme
used by the Quigley Co, of New York Clity for an insulsting refractary concrates,

Since the material used by the USRL doee not correspond ema=tiy tc tha products
Enoan ta tho trade s "Snasulcrete”, the spelling cf the name has been changsd to
"Eneulkreta”™ in this report, although the apalliing "Insulerete” hus aitaady been
widsly uasd by the USRL in discusmsing tank linlngs in pspara pregcenicd bafore the
Acoustical Bocisty of America, 1n USRL Monthly and Guartar!ly Reparis, and ian
corranpondence,

The metavial deseribed and discusned in this report under tha nsme "Ineuikrete”
is idantlocel to the round sbeorber formerly callad "Insulcrate” by the USEL.
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3 Preparation for Test or f(ise

The sample is immergsed in a water-[ilied aumiziner and a vacmim avnliad te the
aurface of the water for at leaest a two-hwur pericd 10 remove tie air bLubbles from
the carcrete. A return ¢o atmoopheric precsure forcéa the weter intd the voids.

At the USRL, a vacvum 12 applied al leagt overnight ana sometlimss {or an entlire
weekand. Alsu, a hydrostatic pres:ure of 1000 psi is applied upon release of the
vacuan. This final application of high hydrostatic pressure is not conaldered
ansential for tanks oparating at atmospheric pressure.

4 Care of Tank

After Ipsulkrete-lined tanks have been in service for a period of time, a wax-like
crusy appears on the surface of the water It starts as a thin fllm and increases
in thickness dally until the water surface is covered wlth what appears t¢ be a
shest of lce. This substance seems to float by surfuce tension--it shows negative
buoyancy when wztted. After sufficlent settling occurs on the bottom of the tank,
it can be siphoned out, slthough the characteristics of the tank appear to remain
unchanged by the deposition. A continucus addition of water te the tank was
recommended ln the body of this report. The addition of acid to neutralize the
highly alkaline solution might also prive feaslble in preventing the formadtion.
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